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ABSTRACT 
The attenuation coefficient of 532 nm light in water under different atmospheric 
conditions was investigated. Measurements were made over a two-year period at the 
same location and show that the attenuation coefficient is significantly influenced by the 
atmospheric environment. It is lowest when the atmospheric pressure is high and 
temperature is low, and is highest when the atmospheric pressure is low and temperature 
is high. The maximum attenuation coefficient of pure water in these studies was about 
three times the minimum value. The mechanism of the phenomena is discussed. These 
results are also important in underwater acoustics. 
KEY WORDS: Attenuation coefficient of light in water, Atmosphere environment, 
Air pressure, Air temperature 
 
1. Introduction 
    Optical techniques are very important in oceanographic research involving phenomena such as: 
Raman scattering [1], Brillouin scattering [2-4], stimulated Brillouin scattering (SBS) [5,6], laser 
induced breakdown spectroscopy [7], fluorescence spectroscopy including laser induced fluorescence 
spectroscopy [8,9], bacterial photosynthesis [10], photoheterotrophic bacteria [11], and so forth. In all 
these research areas, the attenuation of light in the water is a key factor influencing the measurements. 
Consequently, the attenuation (which includes both absorption and scattering) of light in water has 
attracted considerable attention. Fry et. al. have measured widely accepted data for the absorption of 
light in pure water [12,13]. Liu et al. investigated the attenuation coefficient of light in water [14] and 
other properties of light in water [15,16] related to SBS. And, the attenuation coefficient of light in 
deionized water has been measured using a split-pulse laser method[17]. But, the influence of the 
atmospheric environment on the attenuation coefficient of light in water has not been a subject of much 
investigation. For example, what relationships are there between the attenuation coefficient in the 
ocean and the air pressure, temperature, and humidity above the ocean surface. In our lidar studies for 
remote sensing of the ocean, we found that the observation depth varied significantly with the 
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atmosphere environment. For example, on a sunny winter day, the observation depth for our Brillouin 
lidar [18] was more than three times  the observation depth on a cloudy summer day. It seems clear 
that the atmospheric environment has a major influence on the propagation of light in water.  
   Air bubbles in water are a major factor influencing acoustics and light propagation in 
waterAcoustic bubbles have been studied widely [19-21]; and, many studies have investigated the 
effects on optical properties due to bubbles that are injected by waves, even breaking waves [22-24]. In 
contrast, the effect of atmospheric parameters on optical properties in the water has not been considered.  
Our work shows that changes in the atmosphere environment can, in fact, also induce bubbles in the 
water that impact optical propagation. The bubbles are induced because atmospheric changes vary the 
solubility of air in water. Thus, the attenuation of light in water is directly related to the solubility of air 
in water. Although the solubility of air and different gases in water and seawater has been investigated 
for several decades, apparently no one has noted the relationship between the solubility of air in water 
and the attenuation coefficient of light in water. The solubility of air in water is related to the pressure, 
temperature and humidity of the air [24-28]. In our recent work, these factors played an important role 
in the attenuation coefficient of light in water; they are investigated in this paper.  
2. Experiment and Results 
   The experimental measurements were made using distilled water in an open environment at a fixed 
location in Nanchang City, China. The water container is made of glass with a wall thickness of 1.5 
mm; its dimensions are 200 cm long, 50 cm wide and 50 cm high. The volume of the distilled water 
sample was 2005030 cm3. To keep the water sample fresh, the container was covered by air 
ventilation cloth, and the water sample was replaced with fresh distilled water every 24 hours. The 
container was put under a shade to avoid direct sunlight. Air pressure, temperature and humidity were 
monitored in real time; while the water temperature was also monitored by inserting a thermometer to a 
depth of 5 cm below the water surface. The lowest and highest temperatures at Nachang city are about 
3℃ and 43℃ , respectively. The corresponding the water temperatures ranged from 5℃  to 
35℃.When atmospheric conditions had changed, the attenuation coefficient for 532 nm light in the 
distilled water was measured using the method reported in Ref. [14]. Data were accumulated over a 
period of two years. Twenty measurements at a specific atmosphere condition would last for about 40 
minutes. Generally, in during a 40 minute time period, the atmosphere environment did not change 
significantly. However, if atmosphere parameters did change during a measurement, the measured 
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results were added to the data group for the other atmosphere condition. 
Figure 1 shows 3-D plots of the data for attenuation coefficient vs. air pressure and water 
temperature at four different values for the humidity of the air. The value for the humidity shown in the 
figure is the average over a 3% range in humidity. Although the curved surfaces for different values of 
(a) at the humidity of 39%
.04
.05
.06
.07
.08
.09
.10
.11
.12
1005
1010
1015
1020
1025
1030
12
14
16
18
20
22
24
26
28
30
At
te
nu
at
io
n 
 c
oe
ffi
ci
en
t (
m
-1
)
pressure (hPa)
Te
mp
er
atu
re
 (
o C
)
 
(b) at the humidity of 66%
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(c) humidity of 83%     
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Fig. 1  3-D plot of the measured attenuation coefficient of light in water vs. air pressure and water temperature  
at different humidities. 
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the humidity are not exactly the same, they have similar features, i.e. the value of the attenuation 
coefficient tends to decrease with increasing air pressure, and increase with increasing air temperature. 
The highest attenuations tend to occur at high water temperature and low air pressure. 
   To more clearly show the influence of humidity, Fig. 2 shows 3-D plots of the data for 
attenuation coefficient vs. air pressure and the humidity at two different water temperatures, and Fig.3 
shows the data for attenuation coefficient vs. humidity of air and water temperature at two different air 
pressures. At high air pressure and low water temperature, the humidity has little influence on the 
attenuation of coefficient of light in water. In contrast, at high temperature, the influence becomes more 
significant. 
   It should be addressed that, 1) the unit of air pressure in the plots is hPa (=100 Pa ) because the unit 
of the pressure meter used is hPa; 2) because all measurements were taken under natural conditions, the 
figures do not have identical axes for the same quantity; 3) all the results shown in the above plots are 
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Fig. 2  3-D plot of measured attenuation coefficient of light in water vs. the air pressure and the humidity of the air at different 
water temperature.  
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Fig. 3  3-D plot of measured attenuation coefficient of light in water vs. water temperature and air humidity of the air 
at different of air pressures 
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the average of 20 measured data at the same atmosphere condition. The relative error is defined as the 
ratio of the root mean square error to the average, the maximum relative error is 17%, the minimum is 
1.5%. The error bars are not shown because they tend to be obscure in a 3-D plot.  
3. Analysis 
Now, consider possible mechanisms leading to the above phenomena. Reported research shows that 
the solubility of air in water decreases with increasing water temperature, but increases with increasing 
air pressure [26-28,30]. Fig. 4(a) shows the relationship between solubility and air pressure at different 
water temperatures; and Fig. 4(b) shows the relationship between the diameter of an air bubble in water 
and the air pressure [28]. It should be pointed out that Figs 4(a) and (b) cover a wide range of air 
pressures, but the actual change of the atmosphere pressure is only a small part of it. However, the 
solubility of air and the bubble size in water still shows considerable change in the small part. Fig. 4(c) 
shows the solubility of air in water as a function of temperature at atmospheric pressure based on data 
in table 58 of reference [30]. There is not much data on the formation of bubbles in water as the 
solubility of air decreases, or on the diameter of air bubbles in water as air pressure changes [28]. 
Clearly bubble size increases as pressure decreases [31,32], but surface tension plays a major role in 
the size, e.g. the extra pressure inside a 3 micron air bubble is ~1000 hPa, inside a 300 nm bubble it is 
~10,000 hPa [33]. In summary, as air pressure increases, the solubility of air in water increases, and 
bubble diameters decrease. On the other hand, when air pressure decreases, or water temperature 
increases, the solubility of the air in water decreases, and air dissolved in water will be released via 
bubbles. An increasing number of bubbles increases the attenuation coefficient; furthermore, if the air 
pressure is low, the bubble diameter is larger and the attenuation is increased even more. 
 
 
(a) Solubility of air vs. air pressure at 
different temperatures. (b) Air bubble diameter vs. air pressure 
(c) Solubility of air in water vs. 
temperature at 1000 hPa 
Fig. 4  Air solubility and bubble diameter in water vs. air pressure. The data in (c) is from Table 58 in Ref. [30]. 
   It should be mentioned that the influence of wind [29] was not considered because the water tank is 
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not large enough for the wind to induce waves in it. 
4. Discussions 
   Data for the measured attenuation coefficient at different air pressures and water temperatures for 
three typical values of humidity are given in the following tables. These data are the average of many 
measurements over the two years of data collection. 
 
Table 1  Data for the attenuation coefficient of light in distilled water at 55% humidity. 
Attenuation coefficient (m-1) 
Air Pressure (hPa) 
 
water 
Temperature (℃)  
903 1000 1005 1010 1015 1020 1025 1030 
10    0.0716 0.0634 0.0619 0.0578 0.0523
13    0.0787 0.0697 0.0645 0.0601 0.0542
16    0.0859 0.0762 0.0700 0.0632 0.0608
20   0.1001 0.0903 0.0771 0.0723   
25  0.1127 0.1089 0.0983 0.0858 0.0769   
30 0.1264 0.1182 0.1138 0.1072 0.0978    
35 0.1290 0.1229 0.1157 0.1101 0.0986    
Table 2  Data for the attenuation coefficient of light in distilled water at 65% humidity. 
Attenuation coefficient (m-1) 
Air Pressure (hPa) 
 
water 
Temperature (℃)  
903 1000 1005 1010 1015 1020 1025 1030 
10    0.0894 0.0863 0.0792 0.0745 0.0639
13    0.0979 0.0923 0.0834 0.0756 0.0701
16    0.1002 0.0954 0.0903 0.0828 0.0774
20   0.1083 0.1037 0.0958 0.0938   
25  0.1146 0.1112 0.1089 0.0991 0.0969   
30 0.1272 0.1214 0.1143 0.105 0.0998    
31 0.1298 0.1263 0.1192 0.1092 0.1021    
Table 3  Data for the attenuation coefficient of light in distilled water at 85% humidity. 
Attenuation coefficient (m-1) 
 
In the three tables, the maximum value of attenuation is 0.1462 m-1 at an air pressure of 995 hPa, 
Air Pressure (hpa) 
 
water 
Temperature (℃) 
995 998 1001 1004 1006 1008 1010 1012 1014 1016 
10      0.0948 0.0931 0.0920 0.0908 0.0891
13      0.1004 0.0996 0.0989 0.0974 0.0967
16     0.1055 0.1022 0.1015 0.1001 0.996 0.984
19    0.1123 0.1109 0.1097 0.1068 0.1054 0.1033 0.1010
22   0.1213 0.1200 0.1187 0.1151 0.1137 0.1125 0.1118 0.1100
25  0.1298 0.1285 0.1274 0.1260 0.1244 0.1231 0.1211 0.1200 
28 0.1369 0.1355 0.1334 0.1319 0.1301 0.1271 0.1269 0.1234  
32 0.1462 0.1427 0.1374 0.1305 0.1276 0.1228 0.1157   
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water temperature of 32℃ and humidity of 85%; the minimum value is 0.0523 m-1 at an air pressure of 
1030 hPa, water temperature of 10℃ and humidity of 55%. The maximum is almost the three times of 
the minimum.  
The attenuation coefficient   of light in water as a function of the distance z is given by 
 I (z)  I0 exp ( z)  (1) 
where  I0  is the light intensity at z=0. The attenuation length of light in water is defined by 
L  1 . 
For distilled water, the maximum 
 
L  corresponding to 0.0523 m
-1 in Table 1 is 19.12 m. The 
minimum 
 
L  corresponding to 0.1462 m
-1 in Table 3 is 6.84 m. The maximum 
 
L  is about three 
times of the minimum L . Using our Brillouin lidar [18] the actual observation depth can reach 9 
attenuation lengths, a considerable range for lidar. But, even for such a lidar, the actual observation 
depth has a strong dependence on the atmospheric environment.  
   Finally, the present investigation is also of significance to underwater acoustics, since air bubbles in 
water have an important influence on sound waves in water, 
5. Conclusion 
   In conclusion, the atmosphere environment has a significant influence on the attenuation coefficient 
of light in water. Low air pressure and/or high water temperature will significantly increase the 
attenuation coefficient.  
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